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INTRODUCTION 
The matrix isolation technique, which generally consists of 
the generation and trapping of a reactive species inside a frozen 
matrix of inert material maintained at liquid hydrogen or liquid 
helium temperatures, has been extensively employed in the study of 
1 2 
reactive species. ’ Reactive species generated at ambient or high 
temperatures are mixed with an appropriate inert gas and frozen into 
a solid on the surface of a window or rod at some low temperature - 
or generated inside the solid matrix by photolysis or by permitting a 
primary reactive species to react with a second molecule. The technique 
has the advantage of isolating for spectroscopic study species too 
unstable or too reactive to be otherwise observable, and in the case of 
molecular species of known free molecule properties, mole-lattice 
interactions may be investigated by studying perturbations on gas phase 
spectroscopic properties. 
The use of electron spin resonance spectroscopy (e.s.r.) to 
investigate the electronic structure of molecules isolated in inert 
matrices is also a well established technique. 
The specific problem in the work to be reported here involves 
the design, development and the testing of a workable matrix isolation 




Design and Description of e.s.r. System. 
The major component of any matrix isolation e.s.r. system is 
the cryotip that make possible the attainment of low temperatures and 
the deposition of the chemical species to be studied. The cryotip 
for our system is seen in figure 1. This system was designed by us 
and manufactured by Air Products and chemical company and incorporated 
as an integral part of their commerically available cryotip refrigerator 
system (AC-3L). 
Temperatures in the liquid hydrogen range used in the experiments 
reported in this work was obtained with this system. Liquid nitrogen, 
placed in a Dewar incorporated in the heat exchange system, cools 
hydrogen gas below its inversion temperature, 160°K, after which it 
undergoes a series of Joule-Thompson expansions and is liquified. Since 
liquid helium temperatures were not used in these experiments, the 
hydrogen was passed through the helium heat exchange coils in order to 
bring the copper tip to liquid hydrogen temperature (20°K). Imbedded 
in the copper tip was a cylindrical sapphire rod 58.1mm in length, 
and 3mm in diameter upon which matrix depositions were made. A gold 
.07% at. iron vs copper thermocouple attached to the copper tip was 
used to monitor the temperature. 
A radiation shield, attached to the liquid nitrogen reservoir, 
is used to reduce radiation heat losses to the sample to less than one 
3 
percent of their value if the shield were not present. The vacuum 
space surrounding the liquid nitrogen reservoir is an extension of the 
vacuum space surrounding the experiment and minimizes convective 
heat leaks if the vacuum is on the order of 1 x 10-5 torr. 
Reduction of the temperature to 14°K can be brought about 
by decreasing the back pressure of hydrogen gas over the liquid hydrogen 
pool below the pressure of the atmosphere. This can be accomplished 
by vacuum pumping the helium exhaust circuit through the vacuum pump 
connection and the low pressure evacuation valve. 
The cryotip assembly, diffusion pump and associated equipment 
were mounted on an angle line frame and bolted to a hydraulic lift, 
which provided vertical mobility. The Dewar was mounted on two sets 
of rails at right angles to each other. This gives the cryotip 
assembly three dimensional movement which facilitates lowering the 
sample tube into the ESR cavity after deposition-photolysis. 
The four vertical faces of the cubic extremity of the vacuum 
shroud can accommodate attachments for photolysis, atomic beam experi¬ 
ments, sample inlet, observation of matrix deposition, and for a 
variety of other uses. The shroud can be rotated under vacuum - which 
makes possible photolysis from any angle. The rotatable shroud in 
effect raises and lowers the sapphire rod on which the sample and 
matrix material are to be depositèd. This deposition is made through 
sample inlet tubes (fig- 2) at the raised position of the rod. When 
the rod is lowered into the 0-ring sealed Quartz sample tube, the sample 
tube and the rod may be lowered into the ESR cavity for analysis. 
The cryotip was evacuated to pressures approximating 1 x 10"^ 
torr by means of a Veeco VS 200 vacuum system which consisted of a 
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three stage, fractionating, 85 1/sec diffusion pump backed by a 
Welch 1402 VEB two stage 5 c.f.m. ventec exhaust mechanical pump. A 
third component of the system was a 0.8 liter stainless steel liquid 
nitrogen cold trap for condensables. Pressures in the vacuum system 
from 1 to 10 torr were measured by a Veeco TG - 7 thermocouple gauge. 
Pressures from 10" to 10 torr were measured by a Veeco RG - 81 
ionization gauge. 
The gas manifolds were evacuated by a Welch 1402 VEB mechanical 
pump. Vacuum pressures from 1000-1 micron were measured with a Veeco 
TG-6 thermocouple gauge. Pressures from 11-800 mm were measured by 
a Wallace and Tieman FA129 Absolute Pressure gauge. Pressures from 
1 -10mm were measured by a mercury manometer. 
Microwave energy for vacuum ultraviolet photolysis of the sample 
was generated by a Burdick MW-200 unit. The microwave cavity discharged 
a 10:1 helium hydrogen mixture vacuum pumped through a quartz discharge 
tube. (fig. 2). A lithium flouride window was used in vacuum untraviolet 
photolysis of dimeric hydrogen chloride to permit access of 1216A0 
radiation to the sample. For chlorine discharge experiments, a plexiglass 
window with a 2 mm x 13 mm slit to permit discharge products access to 
the copper rod replaced the lithium flouride window. 
The electron spin resonance spectrometer used was a Varian E-3. 
For spectra reported here, the frequency of the klystron locked to the 
loaded sample cavity was 9.25 GHz, and the optimum power level was of 
the order of .25 mW. 
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OPERATIONAL TESTING OF CRYOSTAT SYSTEM 
In order to test the capability of the system to trap reactive 
species at liquid hydrogen temperatures for ESR analysis, the hydrogen 
dichloride entity was chosen as a trial species. This species was of 
interest because of recent infrared work done by different groups of 
investigators who came to different conclusions about its electronic 
structure. If the hydrogen dichloride species exists as a paramagnetic 
entity which can be isolated in a matrix by the cryostat system, the 
electronic structure of the species can be determined by ESR. 
The current interest in the hydrogen dichloride species goes 
back to the work of Waddington in which he investigated the vibrational 
spectrum of the hydrogen dichloride anion in nuyol mulls of tetramethyl 
ammonium hydrogen dichloride. These results prompted a number of 
4-9 investigations of the hydrogen dichloride species. These investigations 
have been primarily concerned with infrared studies of other tetra- 
alkylammonium hydrogen dichlorides and deuterium dichlorides in Nujol 
mulls at room temperature and of cesium hydrogen dichloride and 
deuterium dichloride salts in Nujol mulls at temperatures from 178-195°K. 
Prominent absorptions in the spectra were assigned to single and linear 
combinations of normal vibrational modes and relative hydrogen bond 
strengths were estimated. 
More recent studies have involved infrared spectroscopic 
detection of a hydrogen dichloride species trapped in inert matrices 
at 14°K. Noble and Pimentel'*'® attributed absorptions at 696 and 956 cm“l 
in the spectrum of the products of a glow discharge through a 
chlorine-hydrogen chloride-argon mixture which had been condensed at 
14°K to V3 and + V3, respectively, of a linear centrosymmetric 
hydrogen dichloride radical. Discharge of the chlorine-hydrogen 
chloride-argon mixture and discharge of a chlorine-argon mixture with 
a hydrogen chloride-argon mixture entering through a separate jet led 
to the same product and it was concluded that only the chlorine was 
discharged and the hydrogen chloride bond was not disrupted. The 
reaction mechanism was projected to be: 
discharge 
Cl2 —> 2C1 
Cl + HCL—^ C1HC1 
Milligan and Jacox-*--*- carried out vacuum ultraviolet photolysis 
at 14°K of hydrogen chloride samples isolated in an argon matrix at 
mole ratios favorable for the occurence of appreciable concentrations 
of dimeric hydrogen chloride, and obtained prominent infrared absorp¬ 
tions at 696 and 956 cm-'*' with positions, contours and relative 
intensities corresponding to those reported by Noble and Pimentel. 
Codeposition with the Ar:HCl sample of small concentrations of alkali 
metal atoms added as photoelectron sources and photolysis with a medium 
pressure mercury lamp led to the appearance of very prominent absorptions 
at 956 and 696 cm"* which prompted Milligan and Jacox to conclude that 
the hydrogen dichloride species generated by Noble and Pimentel exists 
as an anion rather than as a free radical. The proposed electron 
transfer mechanism was given as : 
(HC1)2 + e" ClHCl" + H 
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In the present work, ESR is used to investigate the electronic 
structure of the hydrogen dichloride species trapped in an argon matrix 
at 20°K. The methods of preparation of the species were vacuum ultra¬ 
violet photolysis of an Ar-HCl mixture and discharge of an Ar-C^-HCl 
mixture. The hydrogen dichloride anion is not expected to be observable 
by ESR and the free radical gives a characteristic ESR spectrum with 
hyperfine splitting contributions from ^3C1H33C1, ^ClH^Cl 
35C1H37C1. In an effort to decrease the intensities of spectral lines 
from 37C1H^^C1 and 37C1H33C1, an HC1 sample enriched to approximately 
35 
99% in H Cl was prepared from sodium chloride enriched in chlorine - 35. 
Although spectra obtained in these experiments produced no 
definitive evidence of the identity of the HC12 species, the capability 
of the system to trap reactive species at liquid hydrogen temperatures 
was proven by the isolation of hydrogen atoms and methyl radicals in the 
matrix. Hydrogen was generated by the vacuum UV photolysis of HC1 or 
as the result of an electron transfer process. Methane exists as an 
impurity (6ppm) in argon. The splitting constants and splitting patterns 
of both species in the spectra recorded correspond very closely to the 
literature values. 
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SAMPLE PREPARATION AND PURIFICATION 
Purification. 
Hydrogen chloride (Matheson 99%) was purified by passage 
through a glass wool packed copper coil immersed in a dry ice-acetone 
bath. Argon (Air Products 99.998%) was dried by passage through a 
column packed with phosphorus pentoxide. In earlier experiments, the 
HCl-Argon mixture was passed through another dry ice-acetone trap 
attached to the cryotip inlet jet. This was discontinued when spectra 
of experiments where no trap was used exhibited no discernable difference. 
Chlorine (Matheson, 99.993%) was used without purification. 
35 
Preparation of H Cl. 
A sample of hydrogen chloride enriched to approximately 80% in 
35 
H Cl was prepared by slowly dropping concentrated sulfuric acid on a 
sample of sodium chloride enriched in chlorine-35 (ORNL) contained in 
an evacuated system attached to the main vacuum line (fig. 3). The bulb 
containing the sulfuric acid was flushed with nitrogen gas before sealing. 
35 
H Cl was pumped from the reaction flask through a dry ice-acetone trap 
by condensation in a 2 liter flask side arm immersed in liquid nitrogen. 
The sample was repeatedly condensed and pumped on to remove volatile 
impurities. 
Experiment 1. (Vacuum ultraviolet photolysis of Ar: HC1 mixture) 
Helium gas and hydrogen gas used for the vacuum ultraviolet 
discharge were mixed and stored in the auxiliary gas manifold at a 
10:1 mole ratio. Argon and HCI were premixed in the main gas manifold 
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at mole ratios ranging from 100:1 to 1000:1. 
In a typical 100:1 Ar:HCl experiment, 75mm of hydrogen gas were 
introduced into the combined vacuum lines (main and auxiliary) and 
the pressure recorded from the mercury manometer attached to the main 
vacuum line. The auxiliary vacuum line was closed off by means of a 
valve and the main vacuum line evacuated. After pumping out the 
transfer line from the helium cylinder and isolating the main line from 
the vacuum pump 439mm helium gas were introduced into the main vacuum 
line and the pressure recorded from the absolute gauge. The valve 
between the main and auxiliary lines was opened and the two gases 
allowed approximately twenty minutes to mix. Pressure after mixing was 
300mm. The valve between the main and auxiliary lines was closed and 
the excess hydrogen-helium mixture pumped out of the main line. 
Before preparation of the argon-hydrogen chloride mixture, the 
transfer line from the hydrogen chloride cylinder was evacuated. This 
transfer line contained a glass wool packed copper coil. When the 
main line and transfer line had been evacuated to 15 microns, the 
copper coil was placed in a dry ice-acetone trap and the valve leading 
to the hydrogen chloride transfer line closed. Hydrogen chloride gas 
was then introduced into the transfer line where it remained for 
approximately ten minutes. During this time the trap was expected to 
condense water vapor and any other condensible impurities in the gas. 
When ten minutes had elapsed, the hydrogen chloride transfer line valve 
was opened slowly to allow 5mm of the gas to enter the main vacuum line. 
The pressure was recorded from the mercury manometer. A two liter 
flask attached to the main line was isolated by means of a valve and 
10 
the excess hydrogen chloride was pumped out of the main line. The 
argon transfer line was then evacuated and after isolating the main line 
from the pump, 295mm of argon were introduced into the main line, the 
volume of which at this stage was 3.35 1. After introduction of the 
argon had been accomplished, the valve leading to the 2 1 flask was 
opened and the hydrogen chloride and argon allowed to mix for twenty 
to thirty minutes. 
The microwave cavity was tuned by maximizing the length of the 
blue-violet air discharge. The hydrogen-helium flow rate was determined 
by bleeding the mixture through the vacuum UV system and maximizing the 
length of the red hydrogen discharge by adjusting the flowmeter. The 
argon-hydrogen chloride mixture was bled at a rate of 10“^mm/min 
through a dry ice-acetone cold trap located at the cryotip gas inlet 
valve and deposited on the sapphire rod. 
After one hour of simultaneous deposition-photolysis, during which 
time pressure readings were made on the absolute pressure gauge at 
intevals, the vacuum shroud was turned so that the discharge tube was 
o 
at a 90 angle to its original position. The microwave cavity was 
returned and the sample photolyzed and deposited for another hour. The 
rod and sample tube were then lowered into the spectrometer microwave 
cavity for analysis. For Ar:HCl mole ratios greater than 200, four 
hour deposition-photolysis time were necessary. H-^Cl experiments were 
conducted as outlined above, but only in 100:1 ArHCl mole ratios. 
Experiment 2. (Micro-wave discharge of a Ar: Cl^- HC1 mixture) 
Argon, chlorine and HC1 were premixed in the vacuum line in a 
165:1:1 ratio and passed through the discharge at a flow rate of 
11 
-dO 3mM/min. After one hour the shroud was rotated so that the 
discharge tube was at a right angle to its original position. Discharge 
and deposition were continued for another hour - after which the rod 
and sample tube were lowered into the spectrometer microwave cavity for 
analysis. Total sample sizes for both experime nts were 10"*mM. 
A representative set of pressure readings for photolysis - deposition 
of a 100:1 argon:hydrogen chloride mixture is presented in the following 
table. 
TABLE I 
















Calculation of number of mM of hydrogen chloride introduced into 
cryostat for representative set of pressure readings. 
AP=153 - 73mm=80mm 
AnAr+HCl = APV = (80mm) (5.35 1) 
RT (760 mm ) (0.0821 1-atm M"1 deg"l)(298 deg) = 0.023M 
atm 
AnHCl - nAr+HCl = 0.00023M = 0.23mM 
100 
mM/min = ^^HCl = 0.23mM/208min = 1.11x10”^ mM/min 
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RESULTS AND DISCUSSION 
Figures 4-7 show spectra obtained upon photolysis-deposition 
of argon at 20°K. The quartet is due to the methyl radical - generated 
by vacuum UV photolysis of methane impurities in the argon. The 
doublet is due to hydrogen atoms in the matrix generated from the same 
source. The literature value for the hyperfine splitting constant for 
the methyl radical is given as 23G and the splitting pattern is as 
observed. The value for the splitting constant of the hydrogen atom*^ 
is given as 509.74G. Other groups of lines in these spectra are 
unresolved and/or unassignable with any degree of certainty of the basis 
of our present state of knowledge about their origin. The UHP 
designation indicates ultra high purity argon, and the differences in 
the impurity absorption patterns in the two argon samples appear to be 
attributable to intensity differences only. 
Although many lines appear in the 100:1 Argon:HCl photolysis 
product spectrum in figure 8, the only line or group of lines that 
can definitely be distinguished from those appearing in the argon impurity 
photolysis product spectra are those between line 29 and line 37. Lines 
9, 17, 29 and 37 are of the methyl radical quartet. Figures 9-13 are 
spectra of Ar:HCl photolysis product samples with mole ratios extending 
from 200:1 to 1000:1. As the mole ratio decreases, the line(s) 
tentatively attributable to some HC1 photolysis product decrease in 
relative intensity and are no longer observable at a 1000:1 mole ration. 
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This is what would be expected if the line(s) in question were attribu¬ 
table to an HCI2 free radical species since the concentration HCI2 
radicals in the matrix would depend upon the H2C12 concentration in the 
matrix before photolysis. However, since no definite splitting pattern 
emerged from the spectra taken, the lines could also be attributed to some 
photolysis product of HC1 and argon impurities. 
Figures 14 and 15 are spectra of 165:1:1 Ar:HCl:Cl2 discharge 
experiments. The quartet lines are indicated by arrows and are relatively 
subdued. The spectral absorption pattern for this experiment is basically 
the same as for the photolysis experiments. The lines in question are 
present but as yet unresolved. 
If the argon-HCl photolysis product absorption were attributable 
to an HC12 radical, the group of unresolved lines should be attributable 
to the superimposition of individual contributions from ^^CIH^^CI, 
"^CIH^ Cl and ^ClH^Cl with a relative intensity ratio of 9:6:1. In an 
attempt to effectively eleminate lines due to 35CIH^C1 and ^ClH^Cl, a 
sample enriched in H^Cl was prepared from Na^Cl supposedly 99.3% 
enriched in chlorine-35. An infrared analysis, (fig. 18) however, 
indicated an enrichment on the order of 85%. A 100:1 Ar:H^Cl mixture 
was prepared and photolyzed. The results are indicated by figures 16 
and 17. 
Although the HCI2 species was not definitively identified as an 
anion or free radical by these experiments, the isolation and identifi¬ 
cation of photolysis products in the argon matrix proved the workability 
of the matrix isolation ESR system designed and developed in the project - 
which at some later date with some further work may eventually resolve 
the identity of the HC12 species. 
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Figure 2. Cross Section of Cryotip and Discharge System. 
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